eparing the DPOV. Comection requirad to maintain MCC pressure may cauvze 8 violation of lha HPOTE turbing #xhausl temperature
rechime and inlists pramalure engine shtdown. Misslan 2baort € detectad by redfne. Loss of vehicle dus Io HPFOTP Llurbing or heal
aichanger [allure may reault if not detected.

Redundaney Soeans; TURBODFUMP 3YSTEM - BENSOR SYITEM, UNMLIKE REQUNDAMCY
A: Pasa - Redund ant hardweare iterna ars capabda of chackoul during nomal ground tumaround,

B: Pasx - Lasa of a redundanl hardwana items is detecteble during firght,
I Pass - Loss of redundant hardwara flane codd not resall from a zingls credibis sranl.

SSME AICIL
REDUNDAM.Y SCREEN
Companant Group: Cridizer Turbopumps Praparad: £, Abasamly
CIL ltam: Bp0G.D5 . A pprovad: T. Hairsan
Componant: Low Prasoure Oxidlzer Tuebapump A pprroval Date: BIFreg
Part Humber: RS 807 M1 Change &: 2
Fallura Mode: Loes of dynamic haad recoveryiqiddance, DOlrectiva 2: CCBO NMEZDM-E24
Paga: 1o 4
_ . Crithcalily
Fhaae ' Faikra ! Efacl ' Desecrplion Hezard Mefaranse
5 Raduced pump outpui pressure. HPGTP discharga praseune 13 reduced dua ta tha [owar inlal prexsva 2nd head kes fom cavilalion of the 1R
4.1 maln pomp. The MCC pressume dedrepsas and 13 seansed by tha conliolier, which corracts by Increasing tha oxidizer syalem power by ME-C15,M
cpaning the OPOY. Comadtion raguined o matnlaln MCC pressure may cause & vhlatlon of the HPOTP turbine exhaust lsmparalure
radline and inilisbe premalura engina shatdown. Lissian scoeh (F detocted by radiina. Loss of wehlcls dua to HPOTP trkine or heat
exchanger fgilre may result il not detecied.
Redundancy Screans: TURBEDOPUMP SYSTEM - SENSCR SYSTEM: UNLIKE REDUNDANMTY
A Paga - Radundant hardwere iama arg capable of checkeut durng nornal ground ternaround,
B: Pasy - Loss ol a redendan] hardware itemy |3 delecteble during fight.
£ Fags - Losg of radundant hardwara ilems could nok result from a singhke sradible avent.
- . _M Feducad purnp oulpul prassure. HACTF diecharge pressire 13 raducaed dia o the lower inlet presaure and heed foss fromn caviatlan of the 1R
4.4 men pump. The MG presstne decreasas and {2 aanzed by the comtroflar, which correcls by Increpsing the oxidizer system power by WE-C13 M
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SSME FMEAJCIL

DESIGN
Component Group:  Cddizer Turbepumps Freparad: C. Abagamis
il Hem: BoDO-05 . Approvad: T. Nouyen
Component: Low Pressura Oxidizer Turbapump Approval Daks: GI7iog
Part Kumbre: REGOTE Change &: 2
Fullura Mode: Lese of dynamic head recovery/guidanca, M ras Hve g CCBD ME-IM-5214

Pape: T1af

Daslan f Document Refarenss

FAILURE GAUSE:  A: Fracture, dialorlion of dilfuser vana. !

THE DIFFUSER VANES ARE AN INTEGRAL PART OF THE HOUSING (1) AND ARE DESIGNED 48 A STRUCTURAL MEMEER, AN INTERNAL PASSAGEWAY FOR THE TURBINE WORKING
FLUID, AND AS FLOW RECOVERY ANE ZUIDANCE OF THE IHDLKIER FLOWY INTO THE HOUSING HECHARGE VOLUTE SCROLL. THE MOLSIMNG IS GA5T UTILIZIMG TEMNS-ED A LR LI
AND IS 30LUTION HEAT TREATED AMD AGE-HAREIENED (1), THE CASTING IS SURIECTED T THE HOT ISOSTATIC PRESZING PROCESS FOR IMPROVED KMECHAR AL PROPERTIES
ANB DENSIFIGATION {1). THE ALLOY IS RESISTANT TQ STRESS CORROSION GRAGKING AND 1S LOX COMPATIBLE (2). THE HOUSING IS ANODIZED FOR CORROSION RESISTANGE
(1) STRUCTURAL INTEQRITY OF THE VAMES WERE DEMONS TRATED BY ONE HOUSING, WHICH WAS SUBJECTED TO 40 CRYQGEMC PRESSURE CYCLES AND ONE FROGE
FRESSURE CYCLE WITH ND STRUGTURAL FAILURE(11). VEHICLE PAOPELLAMT CLEAHLINESS AECLREMENTS MINIMIZE POTEMTIAL DAMAGE FROM CONTAMINATION IMPALT {33,
THE HOUSING ASSEMBLY PARENT MATERIALS WERE CLEARED FOR FRAGTURE MEGHAN GSNDE FLAY GROWTH BY RISK ASSESSME NT {4}. THE HIGH CYCLE AND LOW GY4LE
FATIGUE LIFE OF THE HOUSING MEETS CE| REQUIREMENTS {51, THE MINIMUM FACTORS OF SAFETY MEET CE! REQUIREMENTS 8). THE HOUSING HAS COMPLETED DES Gl
VERIFIGATION TESTING FOR PRODF FRESSURE-STRESS DISTRIBUTION (7) AND FRESSURE BLIRST TEST (B). THE CONTROLLER SOFTWARE IS CONFIGURED TO DETECT AND
RESPOND TO THE FAILURES IDENTIFIED AND COMIAND A SAFE ENGINE STATE (3). REUSE OF PARTS DURING OVERHAUL ARE GOMTROALLEN BY THE REQIUIREMENTS OF THE
OWERHALIL SPECIFICATION (100

11} RSOOPB02; (2} RSS.B579-0; (3) ICO 13M15000; (4} NASA TASK 117; (6} ALO0GAZ, CP320R0GDSE, (6) RSS-6546-18, CPA20R0003B; (7) RSS-401-30: (3) RSS-401.74. {54 CPAOSRCD0,
3.2 35.%; {10) RLMZ18; (1 1) DVS-5SME-401G



SSME Fi =IL
INSPECTION AnD TEST
Compotiont Group:  Oxldizer Turbopum ps Freparad: €. Abesamis
CIL ltam: BRO-05 . Approvad: T. Hguyen
Compenant: Low Pregsure Dyldlzer Turhopump Approval Dater  KT/84
Part Kumber: Rs00Taom Changa #: 2
Falum Maods: Loas of dynamic haad recoveryfguldanca. Dirocilvas #: CCEBD MEA-n1-B214
Page: fof 2
FaHure Causes Signlfican! Chenecterstics Inapaclon{z) / Teal(s) Dacurment Relersnce
A HOUEMG RS$007802
MATERIAL INTEGRITY MATERIAL INTEGRITY iS5 VERIFIER PER SPECIFICATION REQUNREMENTS. RET1T0-0a3
HOLS| MG 1€ PROOF PRESSURE TESTED PER DRAMI MG REQUIREMENTS RSCOTEG?
HOLISING 15 PENETRANT INSPEGTED PER SFECIFICATION REQUVIREMENTS. RAD115-116
HOUSING 1S RADKIGRAPHIC [HSPECTED PER. SPECIFICATION REQUIRERERTS. RL10003
HOUSING HOY ISOSTATIC PRESS IS WVERIFIED PER DRAVING AND SPECIFICATION REQUIREMENTS, RI00TE02
RIOD372
HEAT TREAT HEAT TREAT IS YERIFIED FER SFEGIFICATION REQUIRERENT 3. RAQGT1-020
SLURFACE FIMISH HOUSING ANCQDIZING IS VERIFIED PER DRAVING AND SPECIFICATION REQUIREMENTS. RSOQ7RO2
RA1G0R-003
ASSEMBLY INTEGRITY THE MFFUSER VAKNES ARE INSPECTED PRICR TO AND AFTER FROCOF PRESSUIRE TESTING PER R3007RO2
() CRAWING AND SPECIFICATION REQUIREMERTS. RLO3 14
! THE CASTIMG SURFACE FINISH IS (NSPECTED PEA DRANING AND SPECIFICATION REQUIREMENTS. RS00VAD2
Z RAG13-007
G CASTING CORMERS AMD FILLET RaD| ARE INSPECTED PER DRAWING REQUIREMENTS. RS MOre0z
HOUSING VANE CODADINATES ARE INSPECTED PER DRAWING REQUIREMENTS,
CLEAMLIMESS OF THE UPSTREAM COMPCOHENTS AND THE HOUSING ASSENMBLY ARE VERIFIED CLEANED PER RL10907
COMPONENTS SFECIFICATION ANC DRAM NG AEQUIREMENTS. RE007E04
LRCTR RENQTEOT
ASSEMBLY INTEGRITY THE PUMF SUBASSEMBLIES ARE INSPECTED DURING DVERHALL PER SPECFICATION RLO1248
REGUREMENTS. RAG115-1 16
INSPECTIONS INCLUDE: WVISUAL, DIMENSIONAL, PEMETRANT, AND REFLACEMENT OF US4GE
ITEMS A5 APPLICAELE, PER OVERHALUL SPECKFICATION,
OPERATIONPERFORMAMCE FS WERIFIED 8Y ENGIME HOT FIRE IEETINEI AMD ZMNDE & MTESTS O RLOOASD-04
INGPESTHONS. RLOISE-DG
RLOOOSE-RY
RLOO4E
TOROLUE CHESKS ARE PERFORMED PRIDR TO EACH FLIGHT. OMRE0 Va1asa.0a0

SHAFT TRAVEL IS PERFORMED FRIOR TO EACH FLIGHT IFHASE Hl AND BLOCTH 1),

SHAFT TRAVEL 15 PERFORMED PRIQR TO ANMD AFTER ACCEFTANCE TEETING AMDO EVERY 10
STARTS THEREAFTER (BLOCH It AHD [IA].

DATA FROW THE FREVIOUS FEKGHT OR HOT FIRE 13 REVIEWNED FOR FROPER TUREBOFUNE

CRARSO V418 50,032
OMRS0D VA1A50.033

MSFGC PLK 1228



Componcnt Sraup: Oxidlzar Turhapumpe Prapared: C. Abesarmils
GIL Hem: BENQ-p5 Approvad: T. Mpuyan
Compaonent: Lew Pragaure Oxidizer Turbspump Approval Daks: aItis
Part Mumber: RS007ED1 Change #; 2
Fatlurs Mode: Lese of dyreml: haad recavary/guidance. Direciiva #; CLBO ME3-(H-5714
Paps: Z20of 2
FRluma Causes Slgnlficant Chasaclerlstics [nepectionis)] ! Tesl]a) Dacument Befarance

Failure Histary: Cemprahensive Fallune hislory dala s mainlained Inthe Probiem Reporiing dalabase (PRAM S/PRACA)
Rafarence: MASA lelter BA21/86/308 and Rocketdyne fetter BARCOITAT,

Opmrallonat Use:  Hot Applicabla, .

$08-8
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SSME"™ :A/CIL
WELD +JINTS
Companent Group: Oxidizer TUrBopumps Praparad: G, Abesamis
CIL Ham: Baoo : Approved: T. Hguyen
Camponent: Low Praasure Oxldizet Tisbopump Appraval Date: LT
Part Kumber; REQDTAD Changs ¥: 2
Diractive #: CCBD MELO1-BI14
Page: 1of t
Critieal Inttial
' Faosl  Flaw Size Mol
Side Mol  Delectsble
C-amponert Baszic Part Nurnber Vilald Mumber Wedd Type  Class Aocesd HGF LGF Comments
ROTOR RSQITACS 1PLCIORT) GTAW |
ROTOR RSI07I0E 1FLEOPTY  EBW |
NOZZILE RSGoTath 1PLC EEW |
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SS5ME FMEA/CIL

FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Coomn panen? Group: Oxbdizer T .
[tem ?'Iame: i Low FressL:lTrtl;ug:Ir:ri}II;:r Turbopump ::;:l:ad:;: $ ::..:::Ts
e e el
Directiva #: CCBD MEJ.11-5214
Page: 1af 3
Baza Lina Rallohak Variance . Chanys Retienale Vatanl Dash Mumber
1. BA0Q-06, BEM]-0B EEARINGS BEARINGS ARE PROCESSED AND  LONG IERM FATIGUE LIFE OF AFARINGS 12 EXTEMDED BY BEDUCIMG THE 014, 121, 631, -

ARE PROCESSED AND
INSPECTED PER SPECIFICATION
RECQUIREMENTS (RLODIG). (ECP
00m)

2. BROG-D - GAUSE C ¢ BBOD-03
CAUZEE

THE SUPPORT IS PILOTED RY
THE GEFLECTOR. WHICH IN
TURM 1S FILOTED BY THE

M ZLE.

3 BBGD-04 CALISE A

THE IMDLKCER S REDESIGMNED
FORIEE WAITH THE LARGE
THROAT MCC, THE NEW
CESIGN DEMONETRATED
INCHEASEL FUMP CAPABILITIES
AT HIGHER FLOW!SPEED WITH
ACCEPTABLE INCREASE IM HEA(
OUTPUT.

INSFECTED PER SPECIFICATION
REQUIRENMENTS [RLOOSES).

THE SEAL IS PILOTED BY THE
EUPPORT _
THE SUFPORT |3 PILOTED BY
THE HOZ2L.E.

THE INDUCER 15 DESIGMED FOR
PHASE I BLOCK | OPERATIMG
COROITIONS

4. BBOI-06 -CAUSED, H

THE BERRING OLITER RACE 15
SECURED BY & TWO FIECE
BEARING JUFPFORT. THE
SUPPORT FEATURES A STHFF
INTEGRAL THRUET SHULDER
DCSIGHED TG REACT TO
BEARING THRUST LOADS.

S, RANO-0F - CAUSE R ¢ RAM.DB -

CALUSE |

BALLS ARE MACE FROM SILICON
HITRIDE. WHICH WILL ELIMINATE
WIEAR.

THE ATER RACE NUT SECURES
THE FUMP END BEARING OUTER
RACE T THE SUFFCRT.
PRELOAD SUPPLIED BY THE
OUTER RACE NUT REDUCES
POTENTIAL FOR FRETTING QR

GALL MG

THE BALLS AMD RAGES OF THE
BEARIMGE ARE NANUFACTHRED
LUTILIZING 4402 CRES

ALLOWABLE SIZE AKD QUANTITY OF ALLOWWABLE DEFECTS.

USE A% 1S RATIOMALE:

1. THE HiGH CYCLE AND LOW CYCLE FATIGUE LIFE CIF BEARINGS
PROCESSED PER RLO0SSA MECT £E| REQUIREMENTS,

2. THE MIMILILIM FACTORS OF SAFETY FOR BEARIMGS PROCESSED PER
RLOAS58 MEET CEI REQUIRENMEMNTS (R55-1546-15).

07, OBY 091, 104, -
111, 1412151, 161, -
181

THE PHASE M SILVER SEAL IS DESIGNED TO &E FILCTED BY THE OME FIEGE
BEARING SUPPORT.

THE PHASE [l PESIGN ADEGUATELY CONTROLS THE STACIK.UP OF THE
STATIONARY HARDWARE TO PREVENT MOTICN BETWEEN MATING FARTS,

THE PHIASE I IMDIMCER WAS CESIGNED FOR QFERATION WATH THE
STANMDARD THROAT ENGIME.

THE PHASE 1 DESIGN USING A HUT TO RETAIN THE QUTER RACE PROVWIDES
ADEQUATE CLAMPING AMND AL IGHRIENT

THE 4400 BALLS |M THE FHASE || DESIGH ARE CONMTROI 1 £ FOR WEAR AND
SrALLING BY OMRS0 AND DAR 7580

REO0TR10.021
R Sa07a01-191,
2N

R3I07A12-005
R5I07A01-20
-149

R300Ta14-015

RE00TE25-207

R EODTHME-003

RSI07am-201
1ot

RS007E31-051, 181
RSOGTEN1-201
191
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e e gt Juidizer [urbapumps

Ilem Hamu L0w Presaure Oxldizar Turbaplmp
llam Murmnber: Badd

Part Number: RSaLTH0

Preparad:
Appraved:

Approval Date:

Change §:
Directive ¥

Fage:

G, Atosar
T. Hjuya: -
arras

1

CCRD ME3-.01.5214

dof 3

Hase Line Rationale Varanes

Changs Rathanala

Warenl Dash Mumber

€ B200.01 - CALUSE ASB, BO0OC.02,
CAUSE A-D, BEM-0B CALSE O
LFOTF NOZI ES ARE LIFE
LIMITED FER DEVIATION DAR
2956

7. BHO0O-IN - CASE M

THE SHIM AMD SFREG ARE
MANUFACTURED UTILIZING
IHCOLOY 803, WHICH Was
SELECTED FOR CRYOGENIC
MECHANICAL PROFERTIES,

LFOTP WOZZLES ARE LIFE
LIMITED PER DEVIATION D4R
<142

BEM0A - CALISE K

THE SHIMS \WERE
MANUFACTURED UTILLANG
HICHEL 200,

BROD-0O - CAUSE D

THE PUMP END BEARING CUTER
RACE 15 PILOTED BY THE
SFPORT ANMD 15 RETAINED,
ALONHG WITH A SHIM, BY THE
OUTER RACE MUT.

THE FULHE EHND REARING DUTER
RACE 1§ PILDTED BY THE
SUPPORT AHND 1S RETAIMED,
TIGHT AGANGT THE SUPPORT
SHOULBER ALONG WITH SHIMS
AND SPRING, 4WD 15 SECURED
IN PLACE BY THE DEFLECTOR.

8. Baco.-0% THROUSH BROG-02
THE PUMF SUBASSEMBLIES ARE
INSPECTED DURING OVERHALIL
PER SPECIFICATION
REQLIREMEMTS RLO1213

THE PUMFP 5UJBASZEMEBLIES ARE
INSPECTED DURING OVERHALIL
PER SPECIFICATION
REQUIREMENTS RLODATS

PHASE Il LPOTP NOZ2ZLES ARE LIFE LIMITED PER DEVIATION DAR 2742

THE FHASE Il DESIGM SHiki MATER AL, MICKEL 200, PROVIDES ADEDUATE
FROPERTIES FOR TS FLUMNCTION.

THE PHASE H DESIGN LGING A MUT TO RETAIN THE GUTER RACE PROMIDES
ADEQUATE CLAMPING AND ALIGNMEMT.

THE RLOOATIWAS SEPECIFICALLY WRITTEN FOR THE PHASE 1 DESKZH

4. BBgU-02 THROUGH BET0-Da
AND BEM-06 THROUWGH BEX] -0
ASSEMELY INTEGRITY 15
YERIFIED FER DRAWIMG AND

ASSEMELY INTEGRITY 15
WERIFIED PER DRAWING AND
SPECIFICATION RECUIREMENTS

SPECIFICATION REQUIREMENTS  RLOODAE.

RLO1323

10. BEOO-34 FAILLURE CAUSE A -

AND B HET ROSITIVE SUCTION

HET POSITIVE SLUCTION PRESSURE REQUIREMENTS
PRESSURE REQUIREMENTS WERE SATISFIED OVER THE
WERE SATISFIED OVER THE ENTIRE OPERATING RANGE BY

DESIGN VERIFICATION TESTING
CvE-5EME-401B :

ENTIRE QPERATING RAMGE BY
DESIGN VERIFICATION TESTING
YRS 0553

THE RLOGAGDE WitAS SPECIFICALLY WRITTEN FOR THE PHASE || DESIGN

THE DVE SEME 4018 WAS SPECTFICALLY WRITTEM FOR THE FHASE 1l CESIGH

R E0OTa1n02

RIJ07a17
ASA07A01-201
-1

REI0TA0T-191,-2G1

R5a0Fea1-191,-201

RS3073a1-191 201
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Lamrponanl Grovp: Qxidizer Turbopumps Freparod: C_Ahagamin

lterm Marme: Low Frasaure Oxidlzer Turbopump A N
ltem Homhbar: BADO A:E::::::Iﬁate ;ﬁrfg;ﬂm
Parl Number; RSODTEOT . Change é: ) 1
Diractiva A: CCHD ME3- 1 -B214
Page: 3of 3
Base Ling Rallonake Varlance Ghange Ratonale Yarlanl Crash Mumber
11, BEQOH - CALUSE G .
WENT HOLES DESIGNED INTO WENT HOLES DESKGNED INTG PH4SE Il DESIGM ADEQUATELY PREVENTS PRESSURE BUILD UP RSO07816-009
THE SEAL RING STRUCTLURE ~ THE SUPPDRART STRUCTURE RS007AM-201
PREVENT FRESSURE BUILDUP ~ PREVENT PRESSLIRE BLILDUP ! 101
AND DISTORTIGM OF THE SEAL AND DISTORTION OF THE SEAL
RIMG OWTO TIE LABYRINTH RIMNG QNTO THE LABYRINTH

GEAL, SEAL.




